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(54) COOUNG SYSTEM OF ELECTRONIC APPARATUS 

(57)Abstract: 

PURPOSE: To enable effective cooling without largely 
changing installation of the conventional forced convection, 
regarding a new cooling systenn of high speed, digital 
electronic apparatus wherein heat generation amount per 
unit volume is large. 

CONSTITUTION: In a forced convection cooling system 
constituted in the manner in which, by a fan unit 3 arranged 
in a cabinet 2 containing electronic apparatus 1, the air is 
introduced from below the cabinet, and the air heated by 
absorbing the heat generated from the electronic apparatus 
is discharged from the upper part of the cabinet, a heating 
unit 4 and a moistening unit 5 are installed in an air 
introducing route in the lower part of the cabinet, and the 
air temperature is decreased within the allowable limit of 
relative humidity by the vaporization of water content 
sprayed in the introduced air, thereby constituting a cooling 
system of electronic apparatus. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 . This document has been translated by computer.So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claiin(s)] 

[Claim 1] By the fan unit (3) installed in the housing (2) which held electronic equipment (1) In the 
cooling system by the forced convection constituted so that the air which introduced the open air into the 
interior of a housing from the lower part of a housing, cooled generation of heat of electronic equipment, 
and got warm might be discharged from tlie housing upper part Cooling system of the electronic 
equipment which installs a heating unit (4) and a humidification unit (5) in the open air introduction path 
of the housing lower part, and is characterized by reducing air temperature within the tolerance limit of 
relative humidity by evaporation of the moisture sprayed into the open air introduced, 
[Claim 2] Cooling system according to claim 1 with which the aforementioned fan unit (3) is installed in 
fee lower part of a housing (2). 

[Claim 3] Cooling system according to claim 1 with which the aforementioned fan unit (3) is installed in 
the upper part of a housing (2). 

[Claim 4] Cooling system according to claim 1 wth which the aforementioned fan unit (3) is installed in 
fee upper part and the lower part of a housing (2). 

[Claim 5] Cooling system given in any 1 term of fee claims 1-4 by which fee laminating of fee 
aforementioned housing (2) is carried out to multi-stage, and the aforementioned heating unit (4) and fee 
humidification unit (5) are installed in the housing (2) of fee bottom. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the new cooling system of high-speed digital electronic 

equipment with the large calorific value per unit volume. 

[0002] 

[Description of the Prior Art] With increase of calorific value, cooling of electronic equipment shifts to 
the water-cooled method by contact to the cold plate which made the interior circulate through the 
coolant further to the forced-convection method by the fan from the thing using tlie free convection in a 
device, and, recently, the immersion-fluid cold method which dips a device into the coolant is adopted. 
Since the increase in an installation cost is caused and reliability moreover is not established as a 
system, such a water-cooled method and a liquid cooling method have still come [ however, ] to be 
adopted extensively. Therefore, now, the forced-convection method using the fan is the mainstream of 
cooling from it being reUable and an installation cost being cheap. 
[0003] 

[Problem(s) to be Solved by the Invention] this invention offers the cooling system which can perform 
still more efficient cooling, without changing the facility by the conventional forced convection sharply 
for the purpose of improvement of the cooUng system of the electronic equipment by such forced 
convection. 
[0004] 

[Means for Solving the Problem] This purpose by the fan unit installed in the housing which held 
electronic equipment In the cooling system by the forced convection constituted so that the air which 
introduced the open air into the interior of a housuig from the lower part of a housing, cooled generation 
of heat of electronic equipment, and got warm might be discharged from the housing upper part A 
heating xmit and a humidification unit are installed in the open air introduction path of the housing lower 
part, and it is attained by the cooling system of the electronic equipment characterized by reducing air 
temperature within the tolerance limit of relative humidity by evaporation of the moisture sprayed into 
tlie open air introduced. 
[0005] 

[Function] The open air introduced into the interior of a housing lower shell by the operation of a fan 
unit is first raised by the heating unit within a tolerance limit in the temperature. Subsequently, moisture 
is sprayed by the humidification unit into this open air as a particle. This moisture particle absorbs the • 
heat of air and reduces the temperature while it evaporates immediately in the air which carried out the 
temperature up and makes the relative humidity of air increase. In that case, the increase in the relative 
humidity by evaporation of the temperature rise by heating and moisture is adjusted so that it may 
become within an environmental tolerance limit. 

[0006] In tliis way, cooling of electronic equipment is efficiently performed using the introductory air to 
which temperature fell. Hereafter, the suitable example shown in a drawing explains this invention still 
in detail. 
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[0007] 

[Example] The principle of tliis invention is explained based on drawing 1 -3. The basic composition of 
this invention is as being shown in drawing 1 and 2, the fan unit 3 is installed in the upper part of a 
housing 2 which arranged in parallel and held the electronic-circuitry package 1 which constitutes 
electronic equipment, and the laminating and installation of the heating unit 4 which built heater 4a in 
the lower part, and the humidification unit 5 which built in supersonic-huinidifier 5a are done. In a sign 
6, in drawing, the water supply pipe for supplying water to the humidification unit 5 and 7 show a 
sensor. 

[0008] If this electronic equipment operates, since a lot of heat will occur from LSI mounted in the 
electronic-circuitry package 1 and the temperature in a housing will be raised The aforementioned fan 
unit 3 is operated, air is attracted up, the convection current is compulsorily foraied in a housing, the 
cold indoor open air currently adjusted to predetermined temperature and humidity by the air- 
conditioner through opening of the housing lower part is introduced, the gap of electronic-circuitry 
package 1 comrades is passed, and this is cooled. And the air which got warm is emitted outside through 
the fan unit 1 . 

[0009] In this invention, the air introduced into the interior of a housing lower shell has the feature at the 
point that the temperature and humidity are readjusted, by passing the aforementioned heating imit '4 and 
the humidification unit 5 beforehand. In the psychrometric chart of drawing 3 , the indoor environment 
in which electronic equipment is installed is adjusted considering the range of the temperature of 15 
degrees C - 30 degrees C, and 40% - 60% of relative humidity as tolerance. 

[0010] On the other hand, the permissible maximum temperature to the electronic parts mounted in the 
electronic-circuitry package 1 is 55 degrees C, and, in the case of the severest conditions, the difference 
of indoor air and a part permissible maximum temperature is =(55-30) 25 degree C in the conventional 
cooling system. The difference of this enthalpy is about 6.5kcal/kg. This is heated by the heating unit 4 
to 30 degrees C which is the upper limit of environmental temperature at the same time it takes in the 
indoor air adjusted to the temperature of 25 degrees C and 50% of relative humidity which are the case 
of this invention, for example, reference condition, inside the lower shell of a housing 2. Next, if 
moisture is sprayed into this air by the humidification unit 5, this will evaporate immediately, 
temperature will fall to 30 degrees C or less, and relative humidity will increase simultaneously. In this 
case, it is required to make it not exceed 60% whose relative humidity which controlled the amount of 
spraying of the moisture by the humidification unit 5 by the control system as shown m drawing 4 , and 
rose in the relation with temperature with it is the upper limits of environmental humidity. 
[001 1] Thus, by coolmg electronic equipment by humidification using the air which fell rather than 30 
degrees C which is the upper limit of environmental temperature, the difference of about 7.9kcal [/leg ] 
enthalpy is acquired to air with a tolerance temperature of 55 degrees C, and it becomes elevation of 
about 20% of refrigeration capacity from the conventional method. Furthermore, the accompanying 
effect that generating of static electricity and generating of dust also decrease for humidification is also 
produced. 

[0012] It only humidifies without operating the heating unit 4, when the interior of a room has akeady 
reached 30 degrees C which is the upper limit of envu-onmental temperature for failure of air- 
conditioning equipment etc. Then, by evaporation of moisture, air temperature can fall and electronic 
equipment can be ventilated in low-temperature air like the above-mentioned. Drawing 5 (a), (b), and (c) 
show the composition of other examples of this invention. 
[0013] 

[Effect of the Invention] Since according to this invention indoor air was readjusted and the difference 
of the enthalpy to low temperature, nothing, with tolerance temperature was increased more by taking in 
within the limitation of the environmental temperature and humidity by the air conditioner, and 
performing humidification and heating to air as explained in full detail above, it becomes possible to 
cool more effective electronic equipment. 
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* NOTICES * 

Japan Patent Office is not responsible for any • 
damages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



TECHNICAL FIELD 



[Industrial AppHcation] this invention relates to the new cooling system of high-speed digital electronic 
equipment witii tlie large calorific value per unit volume. 
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PRIOR ART 



[Description of the Prior Art] With increase of calorific value, cooling of electronic equipment shifts to 
the water-cooled method by contact to the cold plate which made the interior circulate through the 
coolant further to the forced-convection method by the fan from the thing using the free convection in a 
device, and, recently, the immersion- fluid cold method which dips a device into flie coolant is adopted. 
Since the increase in an installation cost is caused and reliability moreover is not established as a 
system, such a water-cooled method and a liquid cooling method have still come [ however, ] to be 
adopted extensively. Therefore, now, the forced-convection method using the fan is the mainstream of 
cooling from it being reliable and an installation cost being cheap. 
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EFFECT OF THE INVENTION 



[Effect of the Invention] Since according to this invention indoor air was readjusted and the difference 
of the enthalpy to low temperature, nothing, with tolerance temperature was increased more by talcing in 
within the limitation of the environmental temperature and humidity by the air conditioner, and 
performing humidification and heating to air as explained in fiill detail above, it becomes possible to 
cool more effective electronic equipment. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] this invention offers the cooling system which can perform 
still more efficient cooling, without changing the facility by the conventional forced convection sharply 
for the purpose of improvement of the cooling system of the electronic equipment by such forced 
convection. 
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MEANS 



[Means for Solving the Problem] This purpose by the fan unit installed in the housing which held 
electronic equipment In the cooling system by the forced convection constituted so that the air which 
introduced the open air into the interior of a housing from the lower part of a housing, cooled generation 
of heat of electronic equipment, and got warm might be discharged from the housing upper part A 
heating unit and a humidification unit are installed in the open air introduction path of the housing lower 
part, and it is attained by the cooling system of the electronic equipment characterized by reducing air 
temperature within the tolerance limit of relative humidity by evaporation of the moisture sprayed into 
the open air introduced. 
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OPERATION 



[Function] The open air introduced into the interior of a housing lower shell by the operation of a fan 
unit is first raised by the heating unit within a tolerance limit in the temperature. Subsequently, moisture 
is sprayed by the humidification unit into this open air as a particle. This moisture particle absorbs the 
heat of air and reduces the temperature while it evaporates immediately in the air which carried out the 
temperature up and makes the relative humidity of air increase. In that case, the increase in the relative 
humidity by evaporation of the temperature rise by heating and moisture is adjusted so that it may 
become within an environmental tolerance limit. 

[0006] In this way, cooling of electronic equipment is efficiently performed using the introductory air to 
which temperature fell. Hereafter, the suitable example shown in a drawing explains this invention still 
in detail. 
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EXAMPLE 



[Example] The principle of this invention is explained based on drawing 1 -3. The basic composition of 
tliis invention is as being shown in drawing 1 and 2, the fan unit 3 is installed in the upper part of a 
housing 2 which arranged in parallel and held the electronic-circuitry package 1 which constitutes 
electronic equipment, and the laminating and installation of the heating unit 4 which built heater 4a in 
tlae lower part, and the humidification unit 5 which built in supersonic-humidifier 5a are done. In a sign 
6, in drawing, the water supply pipe for supplying water to the humidification unit 5 and 7 show a 
sensor. 

[0008] If this electronic equipment operates, since a lot of heat will occur fi*oxn LSI mounted in the 
electronic-circuitry package 1 and the temperature in a housing will be raised The aforementioned fan 
unit 3 is operated, air is attracted up, the convection current is compulsorily formed in a housing, the 
cold indoor open air currently adjusted to predetermined temperature and humidity by the air- 
conditioner through opening of the housing lower part is introduced, the gap of electronic-circuitry 
package 1 comrades is passed, and this is cooled. And the air which got warm is emitted outside through 
the fan unit 1 . 

[0009] In this invention, the air introduced into tlie interior of a housing lower shell has the feature at the 
point that the temperature and humidity are readjusted, by passing the aforementioned heating "unit 4 and 
the humidification unit 5 beforehand. In the psyclirometric chart of drawing 3 , the indoor environment 
in which electronic equipment is installed is adjusted considering the range of the temperature of 15 
degrees C - 30 degrees C, and 40% - 60% of relative humidity as tolerance. 

[0010] On the other hand, the permissible maximum temperature to the electronic parts mounted in the 
electronic-circuitry package 1 is 55 degrees C, and, in the case of the severest conditions, tlie difference 
of indoor air and a part permissible maximum temperature is =(55-30) 25 degree C in the conventional 
cooling system. The difference of this enthalpy is about 6.5kcal/kg. This is heated by the heatmg unit 4 
to 30 degrees C which is the upper limit of environmental temperature at the same time it takes in the 
indoor air adjusted to the temperature of 25 degrees C and 50% of relative humidity which are the case 
of this invention, for example, reference condition, inside the lower shell of a housing 2. Next, if 
moisture is sprayed into this air by the huinidification unit 5, this will evaporate immediately, 
temperature will fall to 30 degrees C or less, and relative humidity will increase simultaneously. In this 
case, it is required to make it not exceed 60% whose relative humidity which controlled the amount of 
spraying of the moisture by the humidification unit 5 by tlie control system as shown in drawing 4 , and 
rose in the relation with temperature with it is the upper limits of environmental humidity. 
[0011] Thus, by cooling electronic equipment by humidification using the air which fell rather than 30 
degrees C which is the upper limit of environmental temperature, the difference of about 7.9kcal [/kg ] 
enthalpy is acquired to air with a tolerance temperature of 55 degrees C, and it becomes elevation of 
about 20% of refrigeration capacity from the conventional method. Furthermore, the accompanying 
effect that generating of static electricity and generating of dust also decrease for humidification is also 
produced. 

[0012] It only humidifies without operating the heating unit 4, when the interior of a room has aheady 
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reached 30 degrees C which is the upper limit of environmental temperature for failure of air- 
conditioning equipment etc. Then, by evaporation of moisture, air temperature can fall and electronic 
equipment can be ventilated in low-temperature air like the above-mentioned. Drawing 5 (a), (b), and (c) 
show the composition of other examples of this invention. 
[0013] 



[Translation done.] 



f 



littp://Vkrvm4.ipdl.jpo.go.jp/cgi-biii/tran_web_cgi_ejje 



3/24/2003 



Page 1 of 1 



* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



^ DESCRJDPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the perspective diagram showing the composition of the 1st example of this invention. 
[Drawing 2] Similarly it is a sectional side elevation. 

[Drawing 3] It is the psychrometric chart showing the principle of this invention. 
[Drawing 4] It is the control-block view of this invention. . 
[Drawing 5] It is the sectional side elevation of other examples of this invention. 
[Description of Notations] 

1 — Electronic-circuitry package 

2 ~ Housing 

3 - Fan unit 

4 — Heating unit 
4a - Heater 

5 - Humidification unit 

5a — Supersonic humidifier 

6 — Water supply pipe 

7 ~ Sensor 
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DRAWINGS 



[Drawing 1] 




[Drawing 2] 
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[Drawing 3] 
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[Drawing 4] 
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